at higher risk for stent thrombosis following PPCI might benefit from more aggressive antiplatelet treatment. Neuman et al. 3 have shown that the level of platelet glycoprotein (GP) IIb/IIIa expression was an independent predictor of stent thrombosis. According to the European Society of Cardiology guidelines, 4 the use of GP IIb/IIIa inhibitors (GPIs) is reasonable as bailout therapy in the event of angiographic evidence of large thrombus, slow or no reflow, and other thrombotic complications. In the most recent ACC/AHA guidelines, the adjunctive use of GPIs at the time of PCI can be considered on an individual basis for large thrombus burden or inadequate P2Y12 receptor antagonist loading. 5 Randomized studies have resulted with conflicting results concerning the use of GPIs in the setting of acute myocardial infarction. Earlier trials showed the reduced risk of 30-day composite end point of death, recurrent myocardial infarction and urgent revascularization, improved ST-segment resolution, and reduced infarction zone during 30-day and 6-month follow up, without an increase in major bleeding. [6] [7] [8] [9] [10] [11] In addition, abciximab has been shown to improve microvascular flow and ventricular function. [12] [13] [14] However, there has not been universal agreement about the importance of GPIs with PPCI in the era of 600 mg clopidogrel loading dose. Some authors showed a lower rate of the composite of death, recurrent MI, urgent TVR, and bleeding in the GPI arm, mainly driven by less target vessel revascularization and stent thrombosis. 15, 16 However, other randomized PPCI trials did not show benefit of GPI in reducing major adverse cardiac outcomes, rate of stent thrombosis, early or late death, infarction size, or pre-PCI coronary flow. [17] [18] [19] [20] [21] [22] We therefore sought to investigate the short-and longterm efficacy and safety of the periprocedural administration of tirofiban in a large Serbian PPCI centre.
Methods

Patient selection and management
We analysed data of 2995 consecutive patients registered in the prospective Clinical Center of Serbia STEMI Register between February 2007 and March 2012. The objective of the register was to gather complete and representative data on the management and short-and long-term outcome of patients with STEMI admitted to coronary unit after undergoing primary PCI in our centre. All patients for whom data were entered into the register have received written information of their participation in the registry and the longterm follow up, and their verbal consent for enrolment was obtained. All consecutive patients aged 18 or older, who presented with clinical and electrocardiographic signs of acute STEMI within 12 h after the onset of symptoms were included in the register. For the present analyses, we did not include patients who had contraindications for the use of GPIs (active internal bleeding, known bleeding diathesis, intracerebral mass, or aneurysm) and patients with cardiogenic shock at admission or patients with noncardiac conditions that could interfere with compliance with the protocol or require interruption of thienopyridine treatment. The study protocol was approved by a local research ethics committee. Primary PCI was performed via the femoral approach, using standard 6F or 7F guiding catheters. Before PPCI, 300 mg aspirin and 600 mg clopidogrel were administered. Unfractionated heparin was started as 100 IU/kg bolus; the 12 U/kg/h infusion followed if clinically indicated (atrial fibrillation, left ventricular thrombus or aneurysm, recent or recurrent venous thromboembolism, deferred sheath removal). Proton-pump inhibitor pantoprazol 40 mg or H2-blocker ranitidine 50 mg were given intravenously to all patients before PPCI; a peroral treatment followed in selected patients at risk of gastrointestinal haemorrhage. GPI tirofiban was administered during the procedure in the catheterization laboratory at the discretion of the intervening cardiologist: the dose was based on body weight (25 µg/kg bolus followed by 18-24-h 0.15 µg/kg/ min infusion), adjusted for renal impairment (half of the usual infusion dose if creatinine clearance <60 ml/min). Tirofiban was encouraged in patients with large, intraluminal residual thrombus, no (slow) reflow, threatening or acute vessel closure, complex lesions, or thrombotic complications. 4, 5 
End points and definitions
Composite efficacy end point comprised total mortality, nonfatal infarction, nonfatal stroke, and ischaemia-driven target vessel revascularization. Nonfatal infarction was defined as the presence of: (a) recurrent ischaemic chest pain lasting more than 20 min; (b) reoccurrence of ST-segment deflection, T-wave inversion, or new pathognomonic Q waves in at least two contiguous leads; and (c) increase of cardiac troponin over the upper reference limit. Stroke was defined as a new onset of focal or global neurological deficit lasting more than 24 h. Computed tomography was used to classify stroke as ischaemic or haemorrhagic. Secondary efficacy end points included individual components of major adverse cardiovascular events (MACE) and definite stent thrombosis. According to the Academic Research Consortium definition, 23 definite stent thrombosis was defined as an angiographic or autopsy confirmation of thrombus that originates in the stent or in the segment 5 mm proximal or distal to the stent with presence of the acute coronary syndrome within a 48-h time window. Early stent thrombosis included acute and subacute stent thromboses. Acute stent thrombosis was defined as within first 24 h from intervention, subacute stent thrombosis as between 24 h and 30 days following intervention, and late stent thrombosis was defined in a time window from >30 days to 1 year after PPCI. Target vessel revascularization was defined as ischaemia-driven percutaneous revascularization of the target vessel performed for restenosis or other complication. Safety end point included bleeding events classified according to Thrombolysis In Myocardial Infarction (TIMI) criteria. Patients were followedup at 30 days and at 1 year after enrolment. Follow-up data were obtained by scheduled telephone interviews and outpatient visits.
Statistical analysis
Based on the highest incidence of MACE within 30 days in the previous STEMI trials using a loading dose of 600 mg clopidogrel, 19, 21, 24 the sample size of 921 patients per group provided 80% power to detect the superiority relative to the primary end point at a two-sided significance level of 0.05. Continuous variables were expressed as mean±standard deviation or median with 25th and 75th quartiles, whereas categorical variables were expressed as frequency and percentage. Analysis for normality of data was performed using the Kolmogorov-Smirnov test. Baseline differences between groups were analysed using Mann-Whitney test and Student's t-test for continuous variables, and Pearson chi-squared test for categorical variables. Data on patients who were lost to follow up were censored at the time of last contact. Time-to-firstevent analyses were presented using Kaplan-Meier curves; differences between groups were compared using a two -sided log-rank test. The association of tirofiban administration with 30-day clinical outcomes was analysed using backward stepwise multivariable logistic regression, after adjustment for propensity score for being treated with tirofiban. Propensity score was calculated from the logistic regression model that included all significant clinical, laboratory, angiographic, and procedural confounding factors and significant treatment differences detected in the univariable analysis.
To account for potential bias in the selection process, the results were re-evaluated after generating two patient samples using propensity-matching analysis (propensitymatched sample). After ranking propensity score in an ascending order, a nearest neighbour 1:1 matching algorithm was used with callipers of 0.2 standard deviations of the logit of the propensity score. Each GPI and no-GPI patient was used in at most one matched pair, to allow creating a matched sample with similar distribution of baseline characteristics between observed groups. Based on the matched samples, conditional multivariable logistic regression was performed to determine the influence of periprocedural tirofiban on 30-day outcomes. The Cox proportional hazard model was used to determine the impact of tirofiban on clinical outcomes at 1 year. SPSS version 19 (IBM, Somers, NY, USA) was used for statistical analysis. A twosided probability value <0.05 was considered statistically significant.
Results
Patient characteristics
Tirofiban was used in 1143 (38.2%) of patients. The baseline demographic, clinical, angiographic, and procedural characteristics of patients who were treated with and without tirofiban during PPCI are shown in Table 1 .
Patients who were treated with tirofiban were younger, more frequently smokers and males, with higher mean body mass index, creatine kinase, and leukocyte count at admission. Moreover, they presented more frequently with history of prior revascularization, clinical signs of heart failure, lower systolic blood pressure, smaller infarctrelated artery reference diameter and more frequent suboptimal TIMI blood flow after the intervention. In addition, they were treated more frequently with temporary pacemaker implantation, as well as with coronary stents which were longer, smaller in diameter, and higher in number compared with the control group. Table 1 shows baseline characteristics of patients included in the propensitymatched sample. After accounting for selection bias there were no significant between-group differences.
Differences in cotreatment during and after PPCI are shown in Table 2 . Patients treated with tirofiban were more frequently administered diuretics and inotropes, and less frequently beta-blockers, angiotensin-converting enzyme inhibitors, and statins. After accounting for selection bias, there were no significant differences in life-saving medical cotreatment between propensity-matched samples.
Clinical outcomes
The impact of tirofiban on 30-day and 1-year clinical outcomes following PPCI is shown in Tables 3 and 4 .
We matched 923 tirofoban patients (propensity-matched GPI group) with 923 patients who were not treated with GPI (propensity-matched control group). A significantly improved primary outcome was found in the tirofiban group compared with control at 30-day (OR 0.72, 95% CI 0.53-0.97, p=0.03) and at 1-year (OR 0.74, 95% CI 0.57-0.96, p=0.02) follow up. The treatment group had a significantly lower 30-day all-cause mortality compared with control (OR 0.63, 95% CI 0.40-0.90, p=0.04). After 1 year, there was a trend towards lower mortality in the treatment group (OR 0.74, 95% CI 0.53-1.04, p=0.08). The Kaplan-Meyer curves of cumulative hazard for MACE and allcause mortality at 30 days and at 1 year in the propensity-matched sample are shown on Figure 1 .
Trend towards a lower rate of nonfatal infarction was observed in the GPI group at 30-day (OR 0.68, 95% CI 0.44-1.04, p=0.08) and at 1-year (OR 0.73, 95% CI 0.49-1.07, p=0.11) follow up. Administration of tirofiban was associated with an increased rate of total bleeding (OR 1.59, 95% CI 1.01-2.50, p=0.04) which was completely driven by an increased rate of TIMI minimal bleeding (OR 
Discussion
The present PPCI study showed that periprocedural administration of tirofiban was associated with improved 30-day and 1-year composite efficacy outcome in patients who were pretreated with 600 mg clopidogrel. Patients treated with tirofiban had significantly reduced mortality at 30-day follow up. In addition, there was a trend towards reduced 1-year mortality in the tirofiban group. The higher rate of total bleeding in the tirofiban group was driven completely by the increased rates of minor and minimal bleedings. A high-dose tirofiban regimen was used in our trial since randomized studies with abciximab versus higher-dose tirofiban have suggested similar angiographic and clinical outcomes. 25, 26 Specifically, high-dose tirofiban was associated with noninferior resolution of ST-segment elevation at 90 min following PPCI compared with standard dose abciximab. 24 In addition, high-dose tirofiban induced a higher aggregation inhibition compared with standard-dose abciximab. 27 Furthermore, a significant association of the high-dose bolus of tirofiban and a higher rate of preprocedural TIMI-3 blood flow was observed. 28, 29 Our register included STEMI patients who presented within 12 h from the onset of symptoms. The mean time from symptoms to first medical contact in our cohort was 2.5 h (range 1.5-4.0 h), and the mean time from first medical contact to balloon was 89-90 min (range 40-148 min). In BRAVE-3 (Bavarian Reperfusion Alternatives Evaluation) and ASSIST (A Safety and Efficacy Study of Integrilin Facilitated PCI versus Primary PCI in ST-Elevation Myocardial Infarction) trials, the GPI was administered 73-75 min later than the thienopyridine, often in the catheterization laboratory. 19, 30 BRAVE-3 investigators enrolled patients presenting within 24 h from symptom onset and suggested that abciximab might have benefited a subgroup of patients who presented within 6 h of symptom onset. 19 Furthermore, we analysed data from the large PPCI register which imply that we included unselected STEMI cohort. Specifically, 12.5% of patients had heart failure at admission, 16% had renal dysfunction, 20% had diabetes, 21% were over 70 years old, 40% had anterior infarction, 37.7% had 3-vessel coronary disease, and 9% had left main disease. Overall, 72.3% of patients were not low-risk patients.
The inclusion of high-risk patients who were poorly represented or excluded from previous trials may explain the positive study results with respect to MACE and mortality. Pooled analysis and meta-analysis of trials on abciximab in acute myocardial infarction noted that the mortality benefit was shown to be proportional to the baseline risk [31] [32] [33] and time after symptoms onset. 15 In the On-TIME trial (prehospital initiation of tirofiban in patients with ST-elevation myocardial infarction undergoing primary angioplasty), an association between the level of residual ST-segment deviation and mortality was suggested. 15 Furthermore, highdose bolus tirofiban reduced the incidence of ischaemic and thrombotic complications during high-risk PCI. 34 On the contrary, only low-to intermediate-risk patients were enrolled in the BRAVE-3 trial which was negative with respect to the primary outcome. 19 The mortality benefit with tirofiban (a trend) was present in our patients at 1-year follow up. Antonucci et al. 35 have demonstrated a lower rate of the composite of death and reinfarction with abciximab in acute myocardial infarction patients at 1-and 6-month follow up as compared with placebo. Similarly, the benefits in the ADMIRAL trial (Abciximab before Direct angioplasty and stenting in Myocardial Infarction Regarding Acute and Long-term follow-up) were maintained at six months follow up. 7 In addition, abciximab for acute myocardial infarction resulted in improved 1-year survival and lower reinfarction rates. 36 However, treatment with GPIs did not affect the composite end point at 1 year in certain trials, reflecting the lack of effect on restenosis. 6, 20 Moreover, multivariable analysis showed no significant independent association of abciximab with 5-year mortality or combined incidence of death, recurrent MI, and target vessel revascularization. 37 Clinical benefit in the CADILLAC trial (Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications) was predominantly associated with the reduced rate of ischaemia-driven target vessel revascularization and subacute stent thrombosis. 6 Tcheng et al. 6 found that patients with more stents implanted, with stents >18 mm, and stent diameter >2.5 mm treated with GPI had a lower rate of adverse clinical events within 48 h post PCI, compared with patients who were not administered GPI. Indeed, postprocedural TIMI grade flow <3 correlated with poor microvascular perfusion, probably due to distal embolization. Compared with TIMI flow grade 3 subgroup, postprocedural TIMI flow <3 in high-risk patients with STEMI treated by PPCI was associated with much higher enzymic infarction size, in-hospital and 1-year mortality, and lower predischarge ejection fraction, suggesting that efforts should be made to obtain early and optimal restoration of coronary flow. 38 However, in another trial, obtaining a better TIMI flow did not result either with better clinical outcomes or ejection fraction, nor did it result with lower mortality. 39 An association between bleeding and increased shortand long-term mortality has been well established. Bleeding complications occurred more frequently in the abciximab group compared with control, reflecting both the intensity of anticoagulation and the long interval between angioplasty and sheath removal. 8, 16 However, like in our trial, the use of GPIs was not associated with serious haemorrhagic complications requiring blood transfusion or vascular repair, or major bleedings. 15, 35 The EPILOG study (platelet glycoprotein IIb/IIIa receptor blockade and low-dose heparin during percutaneous coronary revascularization) showed that the use of a low-dose heparin regimen, together with early sheath removal and elimination of postprocedural heparin infusion, reduces any excess bleeding risk. 11 Like in our patients, the low rate of major and minor bleeding in the FINESSE study (Facilitated INtervention with Enhanced reperfusion Speed to Stop Events) was found in patients who received GPI in the catheterization laboratory. 17 Of importance, platelet transfusions were rarely necessary with rapidly reversible agent such as tirofiban. In addition, in a meta-analysis of 10 trials, 40 the radial approach was associated with improved survival, reduced access site bleeding, and a nonsignificant trend towards reduced major bleeding, compared with the femoral access site. Possible explanation for survival benefit might be the lower rate of bleeding-related haemodynamic compromise and less lifesaving drug discontinuation. Interestingly, the rate of major bleeding was reduced in the RIVAL trial 41 and RIFLE-STEACS trial, 42 when the ACUITY definition (include large access-site haematoma, which is a vascularsite complication) or BARC definition, respectively, were used but not when the TIMI bleeding definition was used.
There are data suggesting that earlier administration of GPIs before PPCI increases the chances of benefit from the drug. [43] [44] [45] Sethi et al. 46 showed that shorter duration of symptoms resulted in reduced events after GPI use in STEMI patients undergoing PPCI. Similarly, shorter delays from onset of chest pain to tirofiban initiation and longer duration of treatment resulted with improved ST-segment resolution and coronary patency. 22 A large European registry showed that early administration of abciximab in highrisk STEMI patients resulted in lower 1-year mortality. 47 Early abciximab administration improved myocardial salvage and left ventricular function recovery, probably by starting early recanalization of the infarct-related artery. 48 In the On-TIME 2 trial, 15 patients who presented within 75 min from symptom onset demonstrated a significant reduction in MACE with tirofiban therapy. It has been revealed that early initiation of high-dose tirofiban reduced the 30-day incidence of stent thrombosis in STEMI patients treated with PPCI and stenting. 49 This might be related with the composition of thrombus in early presenters which are more susceptible for antiplatelet therapy 50 or the incomplete effect of clopidogrel loading on platelet aggregration in early presenters. On the other hand, prehospital initiation of high-dose bolus tirofiban did not improve initial TIMI-2 or TIMI-3 flow of the infarct-related artery or ST-segment resolution after coronary intervention, compared with initiation of tirofiban in the catheterization laboratory. 22 
Study limitations
Our study has some limitations that merit careful consideration. First, data were analysed using a single-centre register. Whether such results might be generated to a broad cross-section of STEMI patients is still to be examined. Even though propensity-score matching analysis was performed to account for differences in baseline characteristics, there are probably unidentified or uncorrected factors that remain. While the study cohort is relatively large, it is underpowered to evaluate infrequent endpoints such as stent thrombosis. Second, the use of tirofiban was left at discretion of investigators, according to actual guidelines. Likewise, a substantial percentage of patients given a GPI received this as a bailout therapy, a situation known to be associated with poor outcome. Moreover, aspiration thrombectomy was used infrequently in our patients.
However, the use of thrombectomy devices during STEMI remains controversial. 51 Further, the rate of bleeding might be influenced by an interventional approach. We used the femoral approach in the majority of our patients. Therefore, our results should not be generalized to patients who are treated predominantly by the radial approach. Established parameters related to clinical outcomes that were predictors of stent thrombosis in some earlier reports, such as myocardial blush, maximal dilatation pressure, and the performance of postdilatation were not available in the present analysis and were not included in the multivariate analysis model. Third, the majority of our patients received bare metal stents. However, recent studies have shown no advantage of drug-eluting stents over bare-metal stents in the setting of acute myocardial infarction during the follow up of 5 years. 52 The rate of stent thrombosis, however, was not different in our patents with bare-metal stents and drugeluting stents. Finally, because of the exclusion of patients with cardiogenic shock, we cannot draw any conclusions about this very high-risk subset of patients. Due to these limitations, our results should be considered as hypothesis generating and requiring exploration in a randomized trial.
Conclusions
Our results imply that periprocedural administration of tirofiban may result with improved primary outcome after PPCI. Furthermore, it might be associated with reduced allcause mortality without an increase in serious bleeding. Those benefits were sustained throughout the follow-up period. These findings might have important implications for improving outcomes in the large number of patients undergoing catheter-based reperfusion for STEMI. Current findings remain to be further confirmed by an adequately powered randomized trial.
